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FIG. QA VIDEG SIGNAL (BEFORE PROCESSING)
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FIG. 10A CORRECTION PROCESSING (LOW POTENTIAL ONE PIXEL, 6b=45")
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FIG. 14A CORRECTION PROCESSING (LOW POTENTIAL TWO PIXELS, 6b=45)
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FIG. 16A CORRECTION PROCESSING (HIGH POTENTIAL ONE PIXEL, §b =457
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FIG. 18A  CORRECTION PROCESSING (HIGH POTENTIAL TWO PIXEL, §b=45)
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FI1G. 20A  CORRECTION PROCESSING (LOW+HIGH POTENTIAL SIDE ONE PIXEL, 6b=45)
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FIG. 22A CORRECTION PROCESSING (LOW+HIGH POTENTIAL SIDE TWO PIXEL, 6b =45
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FIG. 24 A DETECTING BOUNDARY (PREVIOUS FRAME)
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FIG., 25A RisK BOUNDARY+DETECTING APPLYING BOUNDARY (6b=45)
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FIG. 28
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VIDEO PROCESSING CIRCUIT, VIDEO
PROCESSING METHOD, LIQUID CRYSTAL
DISPLAY DEVICE, AND ELECTRONIC
APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a technology in which a
defect when performing a display on a liquid crystal panel is
reduced.

2. Related Art

A liquid crystal panel has a configuration in which liquid
crystal is interposed between a pixel electrode which is pro-
vided in each pixel and a common electrode which is pro-
vided in common in a plurality of pixels. In such a liquid
crystal panel, an alignment defect in the liquid crystal (reverse
tilt domains) due to a transverse electric field which is gen-
erated between pixel electrodes which are adjacent to each
other occurs, and there are cases in which the alignment
defect causes a defect when performing a display. Technol-
ogy which suppresses occurrence of the defect due to the
alignment defect in the liquid crystal when performing a
display is disclosed in JP-A-2009-237366 and JP-A-2010-
191157. In JP-A-2009-237366, and JPA-2010-191157, tech-
nology is disclosed in which a transverse electric field, which
is generated in a pixel in which a defect in video quality easily
occurs due to a vapor deposition direction in an alignment of
liquid crystal (inorganic alignment film) among pixels to
which the transverse electric field is strongly applied, is
reduced.

Meanwhile, a defective display which is caused to a pixel
as a correction target is easier to be perceived by a user, when
a value in which an amount of change in transmittance of a
liquid crystal element due to an application of a correction
voltage is subjected to time integration using an applying time
is larger. In the technology which is disclosed in JP-A-2009-
237366, and JP-A-2010-191157, since a constant correction
voltage is applied over the entire period of one frame in the
pixel as a correction target, it is considered that the defective
display which is perceived by a user easily occurs.

SUMMARY

An advantage of some aspects of the present invention is to
reduce reverse tilt domain by suppressing a change in trans-
mittance of a liquid crystal element due to an application of a
correction voltage in each frame.

According to an aspect of the invention, there is provided a
driving unit of a liquid crystal device which is a driving unit
driving the liquid crystal device having a plurality of pixels,
including the functions of generating a first voltage based on
a first video signal which is designated by a first grayscale
corresponding to a first pixel among the plurality of pixels;
generating a third voltage corresponding to a third grayscale,
and a fourth voltage corresponding to a fourth grayscale
based on a second video signal which designates a second
grayscale corresponding to a second pixel which is adjacent
to the first pixel; supplying the first voltage to the first pixel,
and supplying the third voltage to the second pixel in a first
period; and supplying the fourth voltage to the second pixel in
a second period, in which one of the third voltage and the
fourth voltage is higher than the second voltage correspond-
ing to the second grayscale, and the other is lower than the
second voltage.

According to the aspect of the invention, it is possible to
reduce the reverse tilt domain by suppressing a change in
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transmittance of a liquid crystal element due to an application
of a correction voltage in each frame.

According to another aspect of the invention, there is pro-
vided a driving unit which drives the liquid crystal device
having the plurality of pixels, including the functions of gen-
erating the third voltage corresponding the third grayscale,
and the fourth voltage corresponding to the fourth grayscale
based on the first video signal which designates the first
grayscale corresponding to the first pixel among the plurality
of pixels; generating a fifth voltage corresponding a fifth
grayscale, and a sixth voltage corresponding to a sixth gray-
scale based on a second video signal which designates the
second grayscale corresponding to the second pixel which is
adjacent to the first pixel; supplying the third voltage to the
first pixel, and the fifth voltage to the second pixel in the first
period; supplying the fourth voltage to the first pixel, and the
sixth voltage to the second pixel in the second period, and in
which one of the third voltage and fourth voltage is higher
than the first voltage corresponding to the first grayscale, and
the other is lower than the first voltage, and one of the fifth
voltage and sixth voltage is higher than the second voltage
corresponding to the second grayscale, and the other is lower
than the second voltage.

According to the aspect of the invention, it is possible to
reduce the reverse tilt domain by suppressing the change in
transmittance of the liquid crystal element due to the appli-
cation of correction voltage in each frame.

In the driving unit according to the aspect of the invention,
a correction unit may designate a video signal designating an
application voltage to a liquid crystal element corresponding
to the second pixel which is adjacent to a boundary which is
detected by a boundary detection unit to a correction voltage
which is higher than the application voltage in a part of a
period of one frame, and correct the video signal as a video
signal which designates a correction voltage which is lower
than the application voltage in other periods of the period of
one frame.

According to the aspect of the invention, it is possible to
increase an effect of reducing the reverse tilt domain by
making a difference in potential between the first pixel and
second pixel which are adjacent to each other smaller.

In the driving unit according to the aspect of the invention,
the correction unit may set a period of correcting the video
signal to the video signal which designates the high correc-
tion voltage with respect to the first pixel, and a period of
correcting the video signal to the video signal which desig-
nates the high correction voltage with respect to the second
pixel to the same period of time.

According to the aspect of the invention, it is possible to
prevent a transverse electric field which is applied between
the first pixel and second pixel which are adjacent to each
other from becoming strong in a period of time in which a
period of time in which a high correction voltage is applied to
the first pixel, and a period of time in which a high correction
voltage is applied to the second pixel are not overlapped with
each other.

In the driving unit according to the aspect of the invention,
the correction unit may correct the video signal of the first
pixel which comes into contact with the boundary by setting
the lowest voltage which is used when expressing the gray-
scale as the low correction voltage.

According to the aspect of the invention, it is possible to
suppress the occurrence of defective display, even when the
correction voltage of the first pixel is set to be high in order to
increase the effect of reducing the reverse tilt domain.

In the driving unit according to the aspect of the invention,
the correction unit may correct the video signal of the second
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pixel which comes into contact with a boundary by setting the
maximum voltage which is used when expressing the gray-
scale as the high correction voltage.

According to the aspect of the invention, it is possible to
suppress the occurrence of defective display, even when the
correction voltage of the second pixel is set to be low in order
to increase the effect of reducing the reverse tilt domain.

In the driving unit according to the aspect of the invention,
the correction unit may correct the video signal to a video
signal which designates a constant correction voltage regard-
less of the application voltage which is designated using the
input video signal in each of the part of period, and the other
periods.

According to the aspect of the invention, an individual
correction voltage need not be set according to the application
voltage of the liquid crystal element which is designated by
the input video signal.

In the driving unit according to the aspect of the invention,
the correction unit may correct the video signal so that a
change in integrated transmittance in which transmittance of
the liquid crystal element is subject to time integration over
one frame period, which occurs due to the correction of the
video signal, is 1.0% or less.

According to the aspect of the invention, defective display
due to the correction of video signal is not easily perceived by
a user.

In the driving unit according to the aspect of the invention,
the boundary detection unit detects a risk boundary which is
a part of a boundary between the first pixel and second pixel,
is designated by the input video signal, and is determined by
a tilting orientation of the liquid crystal, and the correction
unit may set a pixel which comes into contact with the risk
boundary which is detected by the boundary detection unit as
a correction target.

According to the aspect of the invention, it is possible to
correct the video signal by concentrating on pixels in which
the reverse tilt domain easily occurs, according to the tilting
orientation of the liquid crystal.

In the driving unit according to the aspect of the invention,
the boundary detection unit may detect a boundary at which
there is a change from a frame which is the immediately
previous frame to a current frame, to the current frame, and
the correction unit may set a pixel which comes into contact
with the changed boundary which is detected by the boundary
detection unit as a correction target.

According to the aspect of the invention, it is possible to
correct a video signal for reducing the reverse tilt domain by
concentrating on the pixel in which the reverse tilt domain
easily occurs according to a movement of an image.

In the driving unit according to the aspect of the invention,
the correction unit may set the pixel which comes into contact
with the boundary at which only one pixel moves from a
previous frame to a current frame as a correction target,
among the changed boundaries.

According to the aspect of the invention, it is possible to
correctthe video signal for reducing the reverse tilt domain by
concentrating on the pixel in which the reverse tilt domain
easily occurs according to a movement of an image.

In addition, the invention can also be conceived as a video
processing method, a liquid crystal display device, and an
electronic apparatus including the liquid crystal display
device, in addition to the video processing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.
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FIG.1is adiagram which illustrates a liquid crystal display
device to which a video processing circuit according to a first
embodiment of the invention has been applied.

FIG. 2 is a diagram which illustrates an equivalent circuit
of'aliquid crystal element in the liquid crystal display device.

FIG. 3 is a diagram which illustrates a configuration of the
video processing circuit.

FIGS. 4A and 4B are diagrams which illustrate the V-T
property of a liquid crystal panel which configures the liquid
crystal display device.

FIGS. 5A and 5B are diagrams which illustrate display
operations in the liquid crystal panel.

FIGS. 6A to 6C are explanatory diagrams of an initial
alignment of the liquid crystal panel when using a VA
method.

FIG. 7 is a diagram which illustrates a measurement result
of a change in transmittance between the original grayscale
and a correction grayscale.

FIGS. 8A and 8B are explanatory diagrams which sche-
matically show correction processing of the video processing
circuit.

FIGS. 9A and 9B are explanatory diagrams which illustrate
a detection order at a risk boundary in the video processing
circuit.

FIGS. 10A to 10C are diagrams which illustrate the cor-
rection processing in the video processing circuit.

FIGS.11A and 11B are diagrams when another tilt azimuth
angle is adopted in the liquid crystal panel.

FIGS.12A and 12B are diagrams when another tilt azimuth
angle is adopted in the liquid crystal panel.

FIGS. 13A and 13B are diagrams which schematically
describe correction processing in a video processing circuit
according to a second embodiment of the invention.

FIGS. 14A to 14C are diagrams which illustrate the cor-
rection processing in the video processing circuit.

FIGS. 15A and 15B are diagrams which schematically
describe correction processing in a video processing circuit
according to a third embodiment of the invention.

FIGS. 16A to 16C are diagrams which illustrate the cor-
rection processing in the video processing circuit.

FIGS. 17A and 17B are diagrams which schematically
describe correction processing in a video processing circuit
according to a fourth embodiment in the invention.

FIGS. 18A to 18C are diagrams which illustrate the cor-
rection processing in the video processing circuit.

FIGS. 19A and 19B are diagrams which schematically
describe correction processing in a video processing circuit
according to a fifth embodiment in the present invention.

FIGS. 20A to 20c¢ are diagrams which illustrate the correc-
tion processing in the video processing circuit.

FIGS. 21A and 21B are diagrams which schematically
describe correction processing in a video processing circuit
according to a sixth embodiment in the present invention.

FIGS. 22A to 22¢ are diagrams which illustrate the correc-
tion processing in the video processing circuit.

FIG. 23 is a diagram which illustrates a configuration of a
video processing circuit according to a seventh embodiment
of the present invention.

FIGS. 24A to 24C are explanatory diagrams which illus-
trate a detection order of a risk boundary in the video pro-
cessing circuit.

FIGS. 25A and 25B are explanatory diagrams which illus-
trate the detection order of the risk boundary, and correction
processing in the video processing circuit.

FIG. 26 is an explanatory diagram which illustrates cor-
rection processing in a video processing circuit according to
an eighth embodiment of the present invention.
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FIG. 27 is a diagram which illustrates a projector to which
a liquid crystal display device is applied.

FIG. 28 is a diagram which illustrates a defective display or
the like which is affected by a transverse electric field.

FIGS. 29 A and 29B are explanatory diagrams which illus-
trate a relationship between input-output video signals which
are driven at four times normal speed.

FIGS. 30A and 30B are explanatory diagrams of an
example of correction processing in which time continuity at
the risk boundary is cut.

FIGS. 31A and 31B are diagrams which illustrate a mea-
surement result of changes in transmittance between the
original grayscale and the correction grayscale.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to drawings.
First Embodiment

First, a first embodiment of the present invention will be
described.

FIG. 1 is a block diagram which illustrates an overall
configuration of a liquid crystal display device 1 to which a
video processing circuit according to the embodiment is
applied.

As illustrated in FIG. 1, the liquid crystal display device 1
includes a control circuit 10, a liquid crystal panel 100, a
scanning line driving circuit 130, and a data driving circuit
140. A video signal Vid-in is supplied to the control circuit 10
from a host device by being synchronized with a synchronous
signal Sync. The video signal Vid-in is digital data which
designates grayscale levels of each of pixels, respectively, in
the liquid crystal panel 100, and is supplied in an order of
scanning corresponding to a vertical scanning signal included
in the synchronous signal Sync, a horizontal scanning signal,
and a dot clock signal (none of these are shown). According to
the embodiment, a frequency of supplying the video signal
Vid-in is 60 Hz, and a video signal Vid-in for displaying an
image of one frame (one frame) at a cycle of 16.67 millisec-
onds as a reciprocal number thereof.

In addition, the video signal Vid-in designates a grayscale
level, however, since an application voltage of a liquid crystal
element is determined according to the grayscale level, it is
possible to regard the video signal Vid-in as a signal which
designates the application voltage of the liquid crystal ele-
ment. In descriptions below, it is set such that the higher the
grayscale level of a video signal, the larger the application
voltage to be designated with respect to a liquid crystal ele-
ment.

The control circuit 10 includes a scanning control circuit
20, and a video processing circuit 30. The scanning control
circuit 20 generates various control signals, and controls each
unit by being synchronized with the synchronous signal Sync.
The video processing circuit 30 processes a digital video
signal Vid-in, and outputs an analog data signal Vx, though it
will be described in detail later.

In the liquid crystal panel 100, an element substrate (first
substrate) 100a, and an opposing substrate (second substrate)
10054 are joined together with a certain gap, and liquid crystal
105 which is driven by a vertical electric field is interposed
between the gap. In the element substrate 1004, on the oppos-
ing surface to the opposing substrate 1005, scanning lines 112
of'a plurality of m rows are provided along the X (horizontal)
direction in the figure. On the other hand, data lines 114 of a
plurality of n columns are provided along the Y (vertical)
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direction so as to be electrically insulated from the respective
scanning lines 112 each other.

In addition, according to the embodiment, there is a case in
which the rows are referred to as 1,2, 3, .. ., (m-1), and mth
row in order from above in the figure in order to differentiate
the scanning lines 112 from the data lines. Similarly, there is
a case in which the rows are referred toas 1, 2, 3, . . ., (n-1),
and nth column in order from the left in the figure in order to
differentiate the data lines 114 from the scanning lines.

In the element substrate 100a, a set of an n-channel TFT
116 and a rectangular pixel electrode 118 which is transparent
is further provided by corresponding to each of intersections
of the scanning lines 112 and the data lines 114. In the TFT
116, a gate electrode is connected to the scanning line 112, a
source electrode is connected to the data line 114, and a drain
electrode is connected to the pixel electrode 118. On the other
hand, in the opposing substrate 1005, common electrodes 108
which are transparent are provided on the whole opposing
surface of the element substrate 100a. A voltage [.Ccom is
applied to the common electrode 108 through a circuit which
is not shown.

In addition, in FIG. 1, since the opposing surface of the
element substrate 100q is the rear surface of paper, the scan-
ning line 112, the data line 114, the TFT 116, and the pixel
electrode 118 are to be denoted by dashed lines, however, they
are denoted by solid lines, respectively, in order to be easily
viewed.

FIG. 2 is adiagram which illustrates an equivalent circuit in
the liquid crystal panel 100.

As illustrated in FIG. 2, the liquid crystal panel 100 has a
configuration in which a liquid crystal element 120 which
interposes a liquid crystal 105 between the pixel electrode
118 and the common electrode 108 corresponding to inter-
section of the scanning line 112 and the data line 114. In the
equivalent circuit in the liquid crystal panel 100, though it is
omitted in FIG. 1, as illustrated in FIG. 2, in practice, an
auxiliary capacity (storage capacity) 125 is provided in par-
allel with respect to the liquid crystal element 120. One end of
the auxiliary capacity 125 is connected to the pixel electrode
118, and the other end is connected to a capacity line 115 in
common. The capacity line 115 is maintained to a constant
voltage in terms of time.

Here, when the scanning line 112 becomes a high level, the
TFT 116 of which the gate electrode is connected to the
scanning line is in ON state, and the pixel electrode 118 is
connected to the data line 114. For this reason, when a data
signal of a voltage corresponding to a grayscale is supplied to
the data line 114 at the time when the scanning line 112 is the
high level, the data signal is applied to the pixel electrode 118
through the TFT 116 which is in ON state. When the scanning
line 112 is a low level, the TFT 116 is turned off, however, the
voltage which is applied to the pixel electrode 118 is main-
tained due to a capacitive property of the liquid crystal ele-
ment 120, and the auxiliary capacity 125.

In the liquid crystal element 120, an alignment state of
molecules in the liquid crystal 105 is change according to an
electric field which is generated by the pixel electrode 118
and the common electrode 108. For this reason, when the
liquid crystal display device is a transmission type, the trans-
mittance of the liquid crystal element 120 becomes transmit-
tance corresponding to an applying/maintaining voltage. In
the liquid crystal panel 100, since the transmittance is
changed in each liquid crystal element 120, the liquid crystal
element 120 corresponds to the pixel. In addition, an arrang-
ing region of the pixel becomes a display area 101.

In addition, according to the embodiment, the normally
black mode is set in which the liquid crystal 105 is set to the
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VA method, and the liquid crystal element 120 becomes a
black state when a voltage is not applied.

Returning to FIG. 1, the scanning line driving circuit 130
supplies scanning signals Y1,Y2,Y3, ..., Ymto the scanning
lines 112 of first, second, third, . . . , mth row according to a
control signal Yctr by the scanning control circuit 20. More
specifically, as illustrated in FIG. 5A, the scanning line driv-
ing circuit 130 selects the scanning line 112 in the order of
first, second, third, . . ., (m-1)th, mth row over one frame, sets
a scanning signal to a selected scanning line to a selection
voltage VH (H level), and sets scanning signals to other
scanning lines than that to a non-selection voltage VL (L.
level).

In addition, the frame means a period which is necessary
for displaying an image of one frame on the liquid crystal
panel 100 by driving the liquid crystal panel 100. According
to the embodiment, a frequency of a vertical scanning signal
which is controlled by the synchronous signal Sync is 240 Hz.
As illustrated in FIG. 5A, in the liquid crystal display device
1 according to the embodiment, one frame is divided into four
fields of a first field to fourth field, respectively, and so-called
quad-speed driving in which first to mth scanning lines are
scanned in each field is executed. That is, an image of one
frame is displayed based on the video signal Vid-in when the
liquid crystal display device 1 drives the liquid crystal panel
100 at a driving speed of 240 Hz based on the video signal
Vid-in which is supplied at a supply speed of 60 Hz from the
host device. The period in one field corresponds to %4 frame
period, and it becomes approximately 4.16 milliseconds here.
In addition, as illustrated in FIG. 5B, in the liquid crystal
display device 1, positive polarity writing is designated in the
first and third fields, negative polarity writing is designated in
the second and fourth fields, writing polarity is reversed in
each frame, thereby performing data writing to pixels.

The data line driving circuit 140 performs sampling of the
data signal Vx which is supplied from the video processing
circuit 30 as data signals X1 to Xn which are applied to the
data lines 114 of first to nth row according to a control signal
Xctr from the scanning control circuit 20.

In addition, in the description, regarding the voltage,
excepting for the application voltage of the liquid crystal
element 120, a ground potential which is not shown is set as
a reference of zero voltage as long as it is not particularly
specified. The application voltage of the liquid crystal ele-
ment 120 is a difference in potential between voltage LCcom
of'the common electrode 108 and the pixel electrode 118, and
it is for differentiating the application voltage from other
voltages.

Meanwhile, when a mode is the normally black mode, a
relationship between the application voltage and the trans-
mittance of the liquid crystal element 120 is denoted by a V-T
property as illustrated in FIG. 4A, for example. For this rea-
son, in order to make the liquid crystal element 120 have
transmittance according to a grayscale level which is desig-
nated using the video signal Vid-in, a voltage corresponding
to the grayscale level is to be applied to the liquid crystal
element 120. However, there is a case in which a defective
display due to the reverse tilt domain occurs when the appli-
cation voltage of the liquid crystal element 120 is simply
defined according to the grayscale level which is designated
using the video signal Vid-in.

An example of a defective display due to the reverse tilt
domain will be described. For example, as illustrated in FIG.
28, when in an image which is denoted by the video signal
Vid-in in which a black pattern in which black pixels are
continuous having white pixels as a background is moved to
the right by one pixel in each frame, pixels to be changed to
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white pixels from black pixels in the left end edge portion
(rear edge portion of movement) of the black pattern do not
change to the white pixels due to an occurrence of the reverse
tilt domain.

In addition, when an area of the black pixels having the
white pixels as the background moves by two pixels or more
in each frame in the liquid crystal panel 100, if aresponse time
of the liquid crystal element is shorter than a time interval in
which a display screen is updated (that is, one frame period),
such tailing is not actualized (or, hardly visible). The reason
why can be considered as follows. That is, the reason is that in
a certain frame, when the white pixels and black pixels are
adjacent to each other, the reverse tilt domain may occur in the
white pixels, however, when considering a movement of an
image, pixels at which the reverse tilt domain occurs are
discrete, and the reverse tilt domain does not attract attention
visually.

Inaddition, when changing a viewpoint in F1G. 28, it is also
possible that, in a case where a white pattern in which the
white pixels are continuous having the black pixels as a back-
ground is moved to the right by one pixel in each frame, pixels
to be changed to white pixels from black pixels in the right
end edge portion (front end portion of movement) of the white
pattern do not change to the white pixels due to the occurrence
of the reverse tilt domain. In addition, in FIG. 28, for conve-
nience of description, a vicinity of a boundary of one line is
extracted.

As one reason for the defective display due to the reverse
tilt domain, it is considered that, when the interposed liquid
crystal molecules are in an unstable state in the liquid crystal
element 120, the interposed liquid crystal molecules fall into
disorder by being influenced by the transverse electric field,
and are not in an alignment state corresponding to an appli-
cation voltage thereafter.

Here, the case of being influenced by the transverse electric
field is a case in which a difference in potential between pixel
electrodes which are adjacent to each other is large, and is a
case in which a dark pixel of the black level (or, close to black
level), and a light pixel of the white level (or, close to white
level) are adjacent to each other in an image to be displayed.

In these, the dark pixel is a pixel of the liquid crystal
element 120 when the application voltage is in a voltage range
A which is a voltage Vbk of the black level in the normally
black mode, and goes below a threshold Vth1 (first voltage).
In addition, for convenience, a range of transmittance (gray-
scale range) of a liquid crystal element of which the applica-
tion voltage is in the voltage range A is set to “a”.

Subsequently, the light pixel is a pixel of the liquid crystal
element 120 when the application voltage is in a voltage range
B which is a threshold Vth2 (second voltage) or more, and a
voltage Vwt or less of the white level in the normally black
mode. For convenience, a range of transmittance (grayscale
range) of the liquid crystal element of which the application
voltage is in the voltage range B is set to “b”.

When it is considered in this manner, a situation can occur
in which the reverse tilt domain easily occurs due to an
influence of the transverse electric field which is generated
when the dark pixel and the light pixel are adjacent to each
other due to a movement of an image. However, when check-
ing considering the initial aligning state of the liquid crystal
molecules, there are cases in which the reverse tilt domain
occurs, and does not occur according to a positional relation-
ship between the dark pixel and the light pixel.

FIG. 6A is a diagram which illustrates pixels of 2x2 which
are adjacent to each other in the vertical direction and the
horizontal direction in the liquid crystal panel 100, and FIG.
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6B is a simple cross-sectional view of the liquid crystal panel
100 when being cut in a vertical plane including the line
VIB-VIB in FIG. 6A.

As illustrated in FIGS. 6A to 6C, the liquid crystal mol-
ecules of the VA method have a tilt angle of 0a, and tilt
azimuth of 6b (that is, 45°) in a state in which the difference
in potential (application voltage of liquid crystal element)
between the pixel electrode 118 and the common electrode
108 is zero, and are in a state of an initial alignment. Here, as
described above, since the reverse tilt domain occurs due to
the transverse electric field between the pixel electrodes 118,
a behavior of the liquid crystal molecules on the element
substrate 100a side to which the pixel electrode 118 is pro-
vided is a problem. For this reason, the tilt angle and the tilt
azimuth of the liquid crystal molecules are defined by setting
the pixel electrode 118 side (element substrate 100a) as a
reference.

Specifically, as illustrated in FIG. 6B, the tilt angle 6a is an
angle which is formed by a long axis Sa of the liquid crystal
molecules when the other end of the pixel electrode on the
common electrode 108 side is tilted by setting an end of the
long axis Sa of the liquid crystal molecules on the pixel
electrode 118 side as a fixed point by setting a normal line of
the substrate Sv as a reference.

On the other hand, the tilt azimuth 6b is an angle which is
formed by the vertical plane of the substrate (vertical plane
including line VIB-VIB) including the long axis Sa of the
liquid crystal molecules and the normal line of substrate Sv by
setting the vertical plane of the substrate which goes along the
Y direction as the arranging direction of the data line 114 as
a reference. In addition, the tilt azimuth 6b is an angle in
which, from the upper direction of a screen (direction oppo-
site to Y direction) to the direction from one end as a starting
point to the other end of the long axis of the liquid crystal
molecules (upper right direction in FIG. 6A) is defined in
clockwise, when planarly viewed from the pixel electrode
118 side toward the common electrode 108.

In addition, similarly, when planarly viewed from the pixel
electrode 118 side, the direction from one end of the pixel
electrode side to the other end in the liquid crystal molecules
is referred to as the downstream side of the tilt azimuth for
convenience, and contrarily, the direction from the other end
to one end (lower left direction in FIG. 6 A) is referred to as the
upstream side of the tilt azimuth for convenience.

As disclosed in JP-A-2011-107174, when the tilt azimuth
0b is 45° in the liquid crystal of the VA method, as illustrated
in FIG. 6 A, when only the own pixel is changed to a light pixel
from a state in which the liquid crystal molecules are unstable
in the own pixel and neighboring pixels, as illustrated in FIG.
6C, reverse tilt in the own pixel occurs in the inner peripheral
region which goes along the left side and the lower side.
Accordingly, when focusing to a certain n frame, if the fol-
lowing conditions are satisfied, it can be said that the n frame
is influenced by reverse tilt domain in the subsequent pixel.

That is, (1) a case in which the dark pixel and the light pixel
are adjacent to each other when focusing to the n frame, that
is, a pixel in which the application voltage is low, and a pixel
in which the application voltage is high are adjacent to each
other, thereby increasing the transverse electric field, (2) in
the n frame, when the light pixel (high application voltage) is
located on the lower left side, the left side, or the lower side
corresponding to the upstream side of the tilt azimuth in the
liquid crystal molecules with respect to adjacent dark pixels
(low application voltage), (3) and when a pixel which is
changed to the light pixel in the n frame is in a state in which
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liquid crystal molecules are unstable in an (n-1) frame which
is animmediately previous frame, the reversetilt occurs in the
light pixel in the n frame.

Though the reason has been described in advance, in (2),
when a boundary denoting a portion at which the dark pixel
and the light pixel are adjacent to each other is moved by one
pixel from the previous frame, it is considered that the bound-
ary is further easily influenced by the reverse tilt domain.

For this reason, when the dark pixel and the light pixel are
adjacent to each other in an image which is denoted by the
video signal Vid-in, and the dark image is located at the upper
right side, the right side, or the upper side with respect to the
light pixel, the correction voltage is applied to a liquid crystal
molecule corresponding to the dark pixel. By doing that, a bad
alignment state of liquid crystal molecules hardly occurs, and
the reverse tilt domain does not occur in the n frame by
shortening a period satisfying the conditions (1) to (3).

Here, a relationship between the video signal Vid-in (FIG.
29A) and video signal Vid-out (FIG. 29B) in normal quad-
speed driving will be described. In FIGS. 29 A and 29B, pixels
of an image of one line are denoted, and each rectangle
corresponds to one pixel. Here, pixels which are denoted by
being filled in black have the minimum grayscale bk of a
black level, and pixels which are denoted by being filled in
white have the maximum grayscale wt of a white level.
According to the embodiment, a video signal with the mini-
mum grayscale bk is a signal which designates an application
voltage to the liquid crystal element 120 of which a difference
in potential from the voltage LCcom of the common electrode
108 is 0V, and has the minimum voltage which is used when
expressing the grayscale in the liquid crystal display device 1.
On the other hand, a video signal with the maximum gray-
scale wt is a signal which designates an application voltage to
the liquid crystal element 120 of which a difference in poten-
tial from the voltage .Ccom of the common electrode 108 is
5.0 V, and has the maximum voltage which is used when
expressing the grayscale in the liquid crystal display device 1.

In FIG. 29B, as video signals Vid-out corresponding to the
video signal Vid-in, video signals Vid-out corresponding to
the first, second, third, and fourth field are denoted in order
from the top of the figure, respectively.

As illustrated in FIG. 29A, the video signal Vid-in is sup-
plied at a supply speed of 60 Hz, and designates a display of
an image which performs a scroll movement in which the
image is moved by one pixel from the left to the right in the
figure when proceeding to the first frame, the second frame,
and the third frame by the video signal Vid-in. In this case,
when the video signal Vid-out is output, as illustrated in FI1G.
29B, the risk boundary is present at the same position in the
whole period of one frame which is configured by the first to
fourth fields (that is, over 16.67 milliseconds). When the risk
boundary is present for a long period of time at the same
position, as described above, the bad alignment state of the
liquid crystal molecule easily stabilizes, and the reverse tilt
domain easily occurs in the neighboring pixels. Therefore, in
a case where the application voltage which is designated in
the video signal Vid-in is lower than the Vthl, when the
application voltage is corrected to a voltage of Vth1 or more,
and is applied to the liquid crystal molecule, the pixel does not
become a dark pixel, and as a result, the risk boundary does
not present at the same position in the whole period of one
frame.

However, if the video signal is corrected, then the voltage
which is applied to the liquid crystal element 120 is caused to
be changed from the original voltage, there may be a case
where transmittance of the liquid crystal element 120 is
changed, and it causes defective display.
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Here, a correction process which is illustrated in FIGS.
30A and 30B will be considered. In the first and third fields of
one frame, an application voltage of dark pixels which come
into contact with the risk boundary (denoted by hatching of
lattice in FIG. 30B) is corrected to a voltage corresponding to
the intermediate grayscale (here, set to 2.5V as intermediate
voltage of 0 V and 5.0 V). By doing that, the transverse
electric field is not generated in the first and third fields which
are the risk boundaries, it is possible to cut time continuity of
the transverse electric field. A change in time sequence of
transmittance of the pixels as the correction target in this case
becomes an optical response waveform which is denoted in a
solid line in FIG. 31A. The transmittance of the liquid crystal
element in the whole period of one frame corresponds to
transmittance in which transmittance to which a correction
voltage corresponding to correction grayscale, and a voltage
corresponding to grayscale in the original image (hereinafter,
referred to as “original grayscale™) are alternately applied is
subject to the time integration over one frame period (here-
inafter, referred to as “integral transmittance™). The integral
transmittance is denoted by a dashed line in FIG. 31A.

FIG. 31B is a table which illustrates a measurement result
of' the integral transmittance when the liquid crystal panel of
VA method is driven at 240 Hz, and a frame to which a
correction voltage is applied, and a frame to which a voltage
corresponding to the original grayscale is applied are alter-
nated. Numerals in the table denote the integral transmittance
(%). When an application voltage corresponding to the origi-
nal grayscale is 0 V, the integral transmittance is slightly
changed from 0% to 0.64% due to an application of the
correction voltage (approximately 2.51 V corresponding to
intermediated grayscale), the change is relatively small (cor-
responding to case of “original grayscale: 07, in FIG. 31A).
On the other hand, when the application voltage correspond-
ing to the original grayscale is 1.569 V, the integral transmit-
tance is greatly changed from 0.18% to 5.865% due to the
application of the correction voltage (approximately 2.51 V)
(corresponding to case of “original grayscale: high”, in FIG.
31A). In this manner, when the integral transmittance is
greatly changed, the defective display due to the application
of'the correction voltage is easily perceived by a user. Accord-
ingly, ina case of performing the correction processing which
is illustrated in FIGS. 30A and 30B, in order to suppress an
influence by the defective display, it is necessary to limit the
pixel as the correction target to a pixel of which the applica-
tion voltage corresponding to the original grayscale is 1.26 V
or less (range denoted in “usable range” in FIG. 31B), and to
further reduce the correction voltage approximately to 2.2 V.
However, it is difficult to obtain a sufficient effect of reducing
the reverse tilt domain in the correction processing, since the
pixel as the correction target is limited, and a voltage range
which is adopted as the correction voltage is narrow.

Therefore, according to the embodiment, a correction volt-
age higher than the application voltage corresponding to the
original grayscale is applied in a part of period of one frame
(first period), and a correction voltage lower than the appli-
cation voltage corresponding to the original grayscale is
applied in other periods of one frame (second period). Here-
inafter, the correction voltage in the first period is set to “Ve¢l”
which is illustrated in FIGS. 4A and 4B, and corresponding
correction grayscale is set to “c1”. The correction grayscale
cl is a grayscale level which belongs to a grayscale range d.
In addition, a correction voltage in the second period is set to
“Vbk” which is illustrated in FIGS. 4A and 4B, and corre-
sponding correction grayscale is set to “bk”.

According to the embodiment, as illustrated in FIG. 7,
when an application voltage corresponding to the original
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grayscale is 1.6 V or less, the correction voltage Vel of 2.5V
is applied in the first period, and the correction voltage Vbk of
0 V is applied in the second period. By performing such
correction processing, it is possible to suppress a change in
integral transmittance in each frame compared to a case in
which correction processing of changing the application volt-
age in each frame is performed only in one direction as
described using FIGS. 30A and 30B. As it can be understood
from the table in FIG. 7, as well, according to the embodi-
ment, since the change in the integral transmittance is small,
the defective display due to the correction in video signal is
not easily perceived by a user even when the integral trans-
mittance in one frame period is set to constant grayscale
(constant correction voltage) regardless of the original gray-
scale.

In addition, when correction processing which is illus-
trated in FIGS. 30A and 30B is performed, as described
above, it is necessary to limit the pixel as the correction target
to a pixel of which the application voltage corresponding to
the original grayscale is 1.26 V or less. In contrast to this,
according to the embodiment, since a change in the integral
transmittance is 0.64% or less, even when the application
voltage corresponding to the original grayscale is approxi-
mately 1.6V, the usable range of the correction voltage such
as the Vcl, and the Vbk becomes wide. In addition, when the
correction processing is performed so that a change in the
integral transmittance due to the correction of video signal is
1.0% or less, the defective display due to the correction is not
easily perceived by a user. Accordingly, an upper limit of the
application voltage corresponding to the original grayscale of
a pixel as the correction target may be further increased, and
the correction voltage Vcl may be changed to another voltage
so that the change in the integral transmittance is in a range of
1.0% or less.

In addition, according to the embodiment, since it is also
possible to perform a uniform correction with respect to a
display pattern to which a complicated transverse electric
field is applied in the original image, it is possible to obtain a
stable effect of reducing the reverse tilt domain. Here, when
considering a reduction in change in the integral transmit-
tance, it is possible to increase the effect of reducing the
reverse tilt domain by setting the correction voltage in the first
period to a higher voltage, when the correction voltage of the
second period is lower. For this reason, the correction voltage
of the second period is set to the Vbk corresponding to the
minimum grayscale bk.

A circuit for suppressing the occurrence of the reverse tilt
domain in the liquid crystal panel 100 in advance by process-
ing the video signal Vid-in of a current frame based on such a
consideration is the image processing circuit 30 in FIG. 1.

Subsequently, the image processing circuit 30 will be
described in detail with reference to FIG. 3. As illustrated in
FIG. 3, the image processing circuit 30 includes a delay
circuit 302, a boundary detection unit 304, a correction unit
306, and a D/A converter 308.

The delay circuit 302 is configured by a FIFO (First In First
Out) memory, a multistage latch circuit, or the like, accumu-
lates the video signal Vid-in which is supplied from a host
device, and outputs as the video signal Vid-d by reading out
the video signal Vid-in after a predetermined time has passed.
In addition, the accumulation and reading out in the delay
circuit 302 are controlled by the scanning control circuit 20.

The boundary detection unit 304 includes a risk boundary
detection unit 3041, and a determination unit 3042.

The risk boundary detection unit 3041 analyzes an image
which is denoted by the video signal Vid-in, and determines
whether or not there is a portion at which a dark pixel in a
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grayscale range a, and a light pixel in a grayscale range b are
adjacent to each other in the vertical direction, or the hori-
zontal direction. In addition, the risk boundary detection unit
3041 detects a portion at which the dark pixel is located on the
upper side, and the light pixel is located on the lower side, and
a portion at which the dark pixel is located on the right side,
and the light pixel is located on the left side as the risk
boundary, and outputs position information on the detected
risk boundary.

In addition, the boundary here is merely a portion at which
the dark pixel in the grayscale range a, and the light pixel in
the grayscale range b are adjacent to each other that is, a
portion at which a strong transverse electric field is generated.
For this reason, a portion at which, for example, a pixel in the
grayscale range a, and a pixel in a separate grayscale range d
(refer to FIG. 4A) which is not the grayscale range a, or the
grayscale range b are adjacent to each other, or a portion at
which a pixel in the grayscale range b, and a pixel in the
grayscale range d are adjacent to each other is not regarded as
a boundary.

The determination unit 3042 determines whether or not a
pixel which is denoted by the video signal Vid-d which is
output by being delayed is the dark pixel which comes into
contact with the risk boundary which is detected by the risk
boundary detection unit 3041. In addition, when the determi-
nation result is “Yes”, the risk boundary detection unit 3041
outputs a flag Q of an output signal as “Q1” in the first and
third fields (first period) of one frame, and outputs the flag Q
of the output signal as “Q2” in the second and fourth fields
(second period) of one frame with respect to the dark pixel.
On the other hand, when the determination resultis “No”, the
determination unit 3042 outputs the flag Q of the output signal
as “Q3”.

In addition, here, “coming into contact with risk boundary”
also includes a case in which a risk boundary which is con-
tinuous vertically and horizontally at a corner of a pixel is
located, in addition to a case in which a pixel comes into
contact with the risk boundary along one side of the pixel. In
the latter case, the dark pixel becomes a pixel as the correction
target even if the dark pixel is not adjacent to a light pixel. In
addition, the risk boundary detection unit 3041 is unable to
detect a boundary of an image to be displayed in the vertical
direction, or the horizontal direction when not accumulating
some video signals (at least three or more rows). For this
reason, the delay circuit 302 is provided so as to adjust a
supply timing of the video signal Vid-in from the host device.

Since a timing of the video signal Vid-in which is supplied
from the host device, and a timing of a video signal Vid-d
which is supplied from the delay circuit 302 are different from
each other, strictly speaking, a horizontal scanning period or
the like of both do not match, however, hereinafter, descrip-
tions will be made without being distinguished in particular.

In addition, the accumulation of the video signal Vid-in or
the like in the risk boundary detection unit 3041 is controlled
by the scanning control circuit 20.

The correction unit 306 corrects the video signal Vid-d of a
dark pixel to be a video signal with the correction grayscale
cl, and outputs the video signal as the video signal Vid-out
when the grayscale level of the video signal Vid-d is the first
threshold level (grayscale level corresponding to application
voltage of 1.6 V, here) or less, and if the flag Q which is
supplied from the determination unit 3042 is “Q1”. In addi-
tion, the correction unit 306 corrects the video signal Vid-d to
be the minimum grayscale bk, and outputs the video signal as
the video signal Vid-out when the grayscale level of the video
signal Vid-d is the first threshold level or less, and if the flag
Q which is supplied from the determination unit 3042 is
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“QQ2”. On the other hand, when the flag Q is “Q3”, the cor-
rection unit 306 outputs the video signal Vid-d as the video
signal Vid-out without correcting the video signal.

The D/A converter 308 converts the video signal Vid-out
which is digital data into an analog data signal Vx. According
to the embodiment, since a surface inversion method is
adopted, a polarity of the data signal Vx is switched in each
writing of one frame in the liquid crystal panel 100.

Subsequently, a display operation in the liquid crystal dis-
play device 1 will be described. In the display operation, the
video signal Vid-in is supplied from the host device in an
order of the first row, the first column to the first row, the nth
column, the second row, the first column to the second row,
the nth column, the third row, the first column to the third row,
the nth column, . . ., the mth row, the first column to the mth
row, the nth column. The video processing circuit 30 per-
forms processing of delay, correction, or the like with respect
to the video signal Vid-in, and outputs the video signal as the
video signal Vid-out.

Here, the processed video signal Vid-out is converted into
a data signal Vx with positive polarity, or negative polarity by
the D/A converter 308 as illustrated in FIG. 5B so that the
writing polarity is switched in each filed according to whether
it is an odd number field, or an even number field when
viewed in a horizontal effective scanning period (Ha) during
which the video signal Vid-out of the first row, the first col-
umn to the first row, the nth column is output. In the first field,
the video signal Vid-out is converted to the data signal with
positive polarity. The data signal Vx is sampled as data signals
X1 to Xn in the data lines 114 of the first to nth column by the
data line driving circuit 140.

On the other hand, in the horizontal scanning period during
which the video signal Vid-out of the first row, the first col-
umn to the first row, the nth column is output, the scanning
control circuit 20 controls the scanning line driving circuit
130 so that only a scanning signal Y1 becomes an H level.
When the scanning signal Y1 is the H level, the data signal
which is sampled in the data line 114 is applied to the pixel
electrode 118 through the TFT 116 which is in ON state, since
the TFT 116 on the first row is in ON state. In this manner,
voltages with positive polarity corresponding to a grayscale
level which is designated in the video signal Vid-out are
respectively written in the liquid crystal elements of the first
row, the first column to the first row, the nth column.

Subsequently, similarly, a video signal Vid-in on the sec-
ond row, the first column to the second row, the nth column is
processed by the video processing circuit 30, is output as a
video signal Vid-out, is converted to a data signal with the
positive polarity by the D/A converter 308, and then is
sampled in the data lines 114 on the first to nth columns by the
data line driving circuit 140.

In the horizontal scanning period in which the video sig-
nals Vid-out on the second row, the first column to the second
row, the nth column, since only a scanning signal Y2 becomes
the H level by the scanning line driving circuit 130, a data
signal which is sampled in the data line 114 is applied to the
pixel electrode 118 through the TFT 116 on the second row
which s in ON state. In this manner, voltages with the positive
polarity corresponding to a grayscale level which is desig-
nated in the video signal Vid-out, respectively, are written in
the liquid crystal elements on the second row, the first column
to the second row, the nth column.

Hereinbelow, a similar write operation is performed with
respect to the third, fourth, . . ., mth row, and in this manner,
a voltage corresponding the a grayscale level which is desig-
nated in the video signal Vid-out is written in each liquid



US 9,336,741 B2

15

crystal element, and a transmission image which is defined in
the video signal Vid-in is created.

In the subsequent filed, the same write operation is per-
formed excepting that the video signal Vid-out is converted to
a data signal with negative polarity due to polarity inversion
of a data signal.

FIG. 5B is a diagram of a voltage waveform which illus-
trates an example of the data signal VX in the first and second
fields when the video signals Vid-out on the first row, the first
column to the first row, the nth column are output from the
video processing circuit 30 over the horizontal scanning
period (H). According to the embodiment, since the mode is
set to the normally black mode, when the data signal Vx has
the positive polarity, the data signal Vx becomes a high volt-
age (denoted by arrow (1) in figure) by an amount corre-
sponding to the grayscale level which is processed by the
video processing circuit 30 with respect to the reference volt-
age Vent, and when the data signal Vx has the negative polar-
ity, the data signal Vx becomes a low voltage (denoted by
arrow (| ) in figure) by an amount corresponding to the gray-
scale level with respect to the reference voltage Vent.

Specifically, when a voltage of the data signal Vx has the
positive polarity, the voltage becomes a biased voltage by an
amount corresponding to a grayscale from the reference volt-
age Vent in a range from a voltage Vw (+) corresponding to
white to a voltage Vb (+) corresponding to black, and in a
range from a voltage Vw (=) corresponding to white to a
voltage Vb (-) corresponding to black, when having the nega-
tive polarity, on the other hand, respectively.

The voltages Vw (+) and Vw (=) have a symmetric rela-
tionship therebetween having the voltage Vent as the center.
Voltages Vb (+) and Vb (-) also have the symmetric relation-
ship therebetween having the voltage Vent as the center.

In addition, FIG. 5B illustrates a voltage waveform of the
data signal Vx, and is different from a voltage which is
applied to the liquid crystal element 120 (difference in poten-
tial between pixel electrode 118 and common electrode 108).
In addition, vertical scales of a voltage of a data signal in FIG.
5B are enlarged compared to a voltage waveform of a scan-
ning signal or the like in FIG. 5A.

A specific example of correction processing by the video
processing circuit 30 will be described.

FIGS. 8A and 8B are diagrams which schematically
describe the correction processing of the correction unit 306
in the video processing circuit 30 according to the embodi-
ment. According to the embodiment, when the video signal
Vid-in which is illustrated in FIG. 8A is supplied, it is cor-
rected to be the video signal Vid-out which is illustrated in
FIG. 8B. As illustrated in FIG. 8B, in the first and third fields
in one frame period, dark pixels which come into contact with
the risk boundary are corrected to be video signals of the
correction grayscale c1, and in the second and fourth fields,
dark pixels which come into contact with the risk boundary
are corrected to be video signals of the minimum grayscale
bk. In this case, a period in which the risk boundary is present
at the same position becomes short compared to a case in
which the correction of the correction unit 306 is performed,
and the change in the integral transmission is suppressed as
described above.

In addition, in explanatory diagrams in FIGS. 8A and 8B,
or the like which schematically describe the correction pro-
cessing, pixels in which the inside of the rectangles are
expressed by lines slanted rightward correspond to the dark
pixels, however, are pixels of which the grayscale level is
higher than that of the minimum grayscale bk. In addition,
pixels in which the inside of the rectangles are expressed by
dots, and characters are written inside the rectangles corre-
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spond to the light pixels, however, are pixels of which the
grayscale level is lower than that of the maximum grayscale
wt. In addition, a description of the “risk boundary” which is
illustrated in FIG. 8B in the explanatory diagrams in FIGS.
8A and 8B, for example, which schematically describe the
correction processing is a description for making a position of
the risk boundary which is detected by a video signal before
correction be easily understood, and the risk boundary is not
continuously present at the position at least for one frame
period in the video signal after correction.

Here, as illustrated in FIG. 9A, when an image which is
denoted by the video signal Vid-in is an image in which a
region formed by dark pixels (illustrated by black rectangles)
is displayed having light pixels (illustrated by white rect-
angles) as a background, a boundary which is detected by the
risk boundary detection unit 3041 becomes a boundary which
is illustrated in FIG. 9B. In this case, the correction unit 306
sets the dark pixels which come into contact with the detected
risk boundary which are denoted by hatching oflattice in FIG.
10A as the correction target. In addition, in the following
descriptions, as well, pixels which are denoted by the hatch-
ing of lattice are pixels as the correction target.

In addition, a dark pixel in which a risk boundary which is
continuous vertically and horizontally is located at a certain
corner of the dark pixel is also treated as the pixel which
“comes into contact with risk boundary”, as described above.
This is for dealing with a case in which an image is moved by
one pixel in the oblique direction. In contrast to this, a dark
pixel in which a broken risk boundary is located at a certain
corner of the dark pixel only in vertical, or in horizontal is not
considered as a dark pixel which comes into contact with the
risk boundary, since the risk boundary which is continuous
vertically and horizontally is not present.

In the above described video processing circuit 30 accord-
ing to the first embodiment, the grayscale level of the dark
pixel is corrected to be high in a part of one frame period, and
the grayscale level of the dark pixel is corrected to be low in
other periods of the one frame period. By performing such
correction processing, the risk boundary is not continuously
present at the same position in one frame period, and the
change in integral transmittance can be suppressed compared
to the correction processing which is described in FIGS. 30A
and 30B, regardless of the original grayscale, accordingly, it
is possible to suppress the occurrence of display defect which
is caused by the change in integral transmittance of the liquid
crystal element in each frame.

Modification Example of First Embodiment

According to the above described second embodiment, a
case in which the tilt azimuth 0b is 45° in the VA method has
been exemplified, however, as disclosed in JPA-2011-
107174, it is possible to reduce the pixels as the correction
target compared to the first embodiment even when the tilt
azimuth 0b is a different angle. An example in which the tilt
azimuth 0b is 225° will be described.

First, as illustrated in FIG. 11 A, when only the own pixel is
changed to a light pixel in a state in which liquid crystal
molecules are unstable in the own pixel and the peripheral
pixel, the reverse tilt in the own pixel occurs in the inner
peripheral region which goes along the left side and the lower
side, as illustrated in FIG. 11B. In addition, in the example, it
is equivalent to a case in which the example in which the tilt
azimuth 0b is 45° illustrated in FIG. 6C is rotated by 180°.
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When the tilt azimuth 6b is 225°, the condition (2) among
the conditions (1) to (3) in which the reverse tilt domain
occurs when the tilt azimuth 0b is 45° is corrected as follows.
That is, the condition (2) is corrected as follows:

(2) in the n frame, when the light pixel (high application
voltage) is located on the upper right side, the right side,
or the upper side corresponding to the upstream side of
the tilt azimuth in the liquid crystal molecule with
respect to adjacent dark pixels (low application voltage).
In addition, the conditions (1) and (3) are not changed.

Accordingly, if the tilt azimuth 6b is 225°, when the dark
pixel and the light pixel are adjacent to each other in the n
frame, and the dark pixel is located on the lower left side, the
left side, or the lower side opposite to the light pixel, it is
preferable to take a measure so that the liquid crystal mol-
ecule does not become unstable with respect to a liquid crystal
element corresponding to the light pixel.

For this purpose, the correction unit 306 in the video pro-
cessing circuit 30 may correct the video signal based on a risk
boundary between a portion at which the dark pixel is located
on the lower side, and the light pixel is located on the upper
side, and a portion at which the dark pixel is located on the left
side, and the light pixel is located on the right side.

Accordingly, when the tilt azimuth 6b is 225°, in the image
which is illustrated in FIG. 9A, pixels as the correction target
are determined as illustrated in FIG. 10C.

Subsequently, as illustrated in FIG. 12A, an example in
which the tilt azimuth 0b is 90° will be described. In the
example, when only the own pixel is changed to a light pixel
in a state in which liquid crystal molecules are unstable in the
own pixel and the peripheral pixel, as illustrated in FIG. 12B,
the reverse tilt in the own pixel intensively occurs in a region
which goes along the right side. For this reason, it is also
possible to consider that the reverse tilt domain in the own
pixel also occurs in the vicinity of the right side on the upper
side, and the vicinity of the right side on the lower side.

For this reason, when the tilt azimuth 6b is 90°, the condi-
tion (2) among the conditions (1) to (3) in which the reverse
tilt domain occurs when the tilt azimuth 0b is 45° is corrected
as follows. That is, the condition (2) is corrected as follows.
That is,

(2) in the n frame, when the light pixel (high application
voltage) is located not only on the left side correspond-
ing the upstream side of the tilt azimuth in the liquid
crystal molecule, but also on the upper side, or the lower
side which is influenced by a region in which the reverse
tilt domain occurs on the left side thereof with respect to
adjacent dark pixels (low application voltage). In addi-
tion, the conditions (1) and (3) are not changed.

Accordingly, if the tilt azimuth 6b is 90°, it is a case in
which the dark pixel and the light pixel are adjacent to each
other in the n frame, and it is preferable to take a measure so
that the liquid crystal molecules are not in an unstable state
with respect to the liquid crystal element corresponding to the
dark pixel when the dark pixel is located on the right side, the
lower side, or the upper side with respect to the light pixel.

For this purpose, the correction unit 306 in the video pro-
cessing circuit 30 may correct the video signal based on a risk
boundary between a portion at which the dark pixel is located
on the right side, and the light pixel is located on the left side,
and a portion at which the dark pixel is located on the lower
side, and the light pixel is located on the upper side.

When the tilt azimuth 6b is 90°, pixels as the correction
target in the image illustrated in FIG. 9A are determined as
illustrated in FIG. 10B.
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Second Embodiment

Subsequently, a second embodiment of the present inven-
tion will be described. In the second embodiment, descrip-
tions will be made on the premise that the mode is the nor-
mally black mode, as well. This will be similarly applied to
each embodiment hereinafter, unless otherwise noted. In
addition, in the descriptions below, the same configuration as
that in the first embodiment will be denoted by the same
reference numerals, and detailed descriptions thereof will be
appropriately omitted. In the above described first embodi-
ment, the video processing circuit 30 corrects the video signal
only for the dark pixel which comes into contact with the risk
boundary, however, according to the embodiment, the correc-
tion is made so that video signals of two or more dark pixels
which are continuous in the direction opposite to the risk
boundary from the dark pixel which comes into contact with
the risk boundary are corrected.

Changed determination contents in a determination unit
3042, and changed pixels as correction targets in a correction
unit 306 are differences of a video processing circuit 30
according to the embodiment from those in the configuration
of the first embodiment.

A determination unit 3042 determines whether or not a
pixel which is denoted by a video signal Vid-d is a dark pixel
which is detected by a risk boundary detection unit 3041, and
comes into contact with the risk boundary. In addition, when
the determination result is “Yes”, the determination unit 3042
outputs a flag Q of an output signal as “Q1” in the first and
third fields of one frame period regarding r dark pixels (r=2 in
the embodiment) which are continuous in the direction oppo-
site to the risk boundary from the dark pixel, and outputs a flag
Q of the output signal as “Q2” in the second and fourth fields
of'the one frame period. The determination unit 3042 outputs
the flag Q of the output signal as “Q3” in cases other than
those.

When the grayscale level of the video signal Vid-d is the
first threshold level or less, and if the flag Q which is supplied
from the determination unit 3042 is “Q1”, the correction unit
306 corrects the video signal Vid-d of the dark pixel to be the
video signal of correction grayscale c1, and outputs the video
signal as the video signal Vid-out. When the grayscale level of
the video signal Vid-d is the first threshold level or less, and if
the flag Q which is supplied from the determination unit 3042
is “Q2”, the correction unit 306 corrects the video signal
Vid-d of the dark pixel to be the video signal with the mini-
mum grayscale bk, and outputs the video signal as the video
signal Vid-out. On the other hand, when the flag Q is “Q3”, the
correction unit 306 outputs the video signal Vid-d as the video
signal Vid-out as is, without correcting the video signal.

A specific example of correction processing by the video
processing circuit 30 will be described.

According to the embodiment, when the video signal Vid-
in which is illustrated in FIG. 13A is supplied, the video
signal is corrected to be the video signal Vid-out which is
illustrated in FIG. 13B. As illustrated in FIG. 13B, according
to the embodiment, two dark pixels which are continuous in
the direction opposite to the risk boundary from the dark pixel
which comes into contact with the risk boundary are cor-
rected to be the video signal of correction grayscale c1 in the
first and third fields, and two dark pixels which are continuous
in the direction opposite to the risk boundary from the dark
pixel which comes into contact with the risk boundary are
corrected to be the video signal with the minimum grayscale
bk in the second and fourth fields.

When the image which is denoted by the video signal
Vid-in is the same as that which is illustrated in FIG. 9A, and
the risk boundary is detected as illustrated in FIG. 9B, the
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correction unit 306 sets the dark pixels which are denoted by
hatching in FIG. 14A to pixels as the correction target. In
addition, when 8b is 90° according to the same way of think-
ing as that in the first embodiment, pixels as the correction
target of the image which is illustrated in FIG. 9A are the
same as those which are illustrated in FIG. 14B. When 0b is
225°, pixels as the correction target of the image which is
illustrated in FIG. 9A are the same as those which are illus-
trated in FIG. 14C.

According to the embodiment, it is possible to make a
change in the plurality of pixels which come into contact with
the risk boundary less noticeable. In addition, according to
the configuration of the embodiment, it is possible to obtain
the same effect as that in the first embodiment in addition to
those which are described above.

Third Embodiment

Subsequently, a third embodiment of the present invention
will be described.

According to the embodiment, a video processing circuit
30 corrects a video signal of a light pixel which comes into
contact with a risk boundary instead of a dark pixel which
come into contact with the risk boundary. According to the
embodiment, a correction unit 306 does not correct the video
signal of the dark pixel. In this case, in a part of one frame
period (first period), a correction voltage which is lower than
anapplication voltage corresponding to the original grayscale
is applied. Hereinafter, a correction voltage in the first period
is set to “V¢2” which is illustrated in FIGS. 4A and 4B, and
corresponding correction grayscale is set to “c2”. The correc-
tion grayscale c2 is a grayscale level which belongs to a
grayscale range d. In addition, a correction voltage in the
second period is set to “Vwt” which is illustrated in FIGS. 4A
and 4B, and corresponding correction grayscale is set to “wt”.

Even in a case in which a light pixel is set to a pixel as the
correction target, when the video processing circuit 30 per-
forms a correction of lowering an application voltage which is
designated by a video signal, and a correction of increasing
the application voltage in one frame period, a change in an
integral transmittance in each frame is suppressed, and a
display defect is not easily perceived. Further, when consid-
ering reducing a change in the integral transmittance, it is
possible to increase an effect of reducing the reverse tilt
domain by setting a correction voltage which is applied in the
first period to a lower voltage, when the correction voltage
whichis applied in the second period is higher. Due to this, the
correction voltage in the second period is set to a voltage Vwt
corresponding to the maximum grayscale wt.

In addition, according to the embodiment, it is also prefer-
able to determine the correction voltage so that the change in
the integral transmittance due to the correction in the video
signal becomes, for example, 1.0% or less.

In descriptions below, the same configuration as that in the
first embodiment are denoted by the same reference numer-
als, and descriptions thereof will be suitably omitted.

Regarding a configuration of the video processing circuit
30 according to the embodiment, contents thereof which are
different from those in the above described first embodiment
will be described.

The determination unit 3042 determines whether or not
pixels which are denoted in the video signal Vid-d, and are
output by being delayed are light pixels which come into
contact with the risk boundary, and are detected in the risk
boundary detection unit 3041. In addition, the determination
unit 3042 outputs a flag Q of an output signal as “Q1” in the
first and third fields of one frame when the determination
result is ““Yes”. On the other hand, the determination unit
3042 outputs the flag Q of the output signal as “Q2” in the
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second and fourth fields of the one frame when the determi-
nation result is “Yes”. The determination unit 3042 outputs
the flag Q of the output signal as “Q3” in cases other than
those.

When the grayscale level of the video signal Vid-d is the
second threshold level (here, for example, grayscale level
corresponding to application voltage of 3.4 V) or more, and if
the flag Q which is supplied from the determination unit 3042
is “Q1”, the correction unit 306 corrects the video signal
Vid-d of the light pixel to be the video signal with the correc-
tion grayscale c2, and outputs the video signal as the video
signal Vid-out. When the grayscale level of the video signal
Vid-d is the second threshold level or more, and if the flag Q
which is supplied from the determination unit 3042 is “Q2”,
the correction unit 306 corrects the video signal Vid-d of the
light pixel to be the maximum grayscale wt, and outputs the
video signal as the video signal Vid-out. On the other hand,
when the flag Q is “Q3”, the correction unit 306 outputs the
video signal Vid-d as the video signal Vid-out as is, without
correcting the video signal.

A specific example of correction processing by the video
processing circuit 30 will be described.

According to the embodiment, when the video signal Vid-
in which defines an image with contents illustrated in FIG.
15A is supplied, the video signal is corrected to be the video
signal Vid-out which is illustrated in FIG. 15B. As illustrated
in FIG. 15B, in the first and third fields of one frame, light
pixels which come into contact with the risk boundary are
corrected to be the video signal with the correction grayscale
c2. In addition, in the second and fourth fields of the one
frame, light pixels which come into contact with the risk
boundary are corrected to be the video signal of maximum
grayscale wt.

Here, the image which is denoted by the video signal Vid-in
is the same as that illustrated in FIG. 9A, the risk boundary as
illustrated in FI1G. 9B is detected, and the correction unit 306
sets the light pixels which are denoted by hatching of slanted
lines in FIG. 16A to pixels as the correction target.

In addition, when 6b is 90° according to the same way of
thinking as that in the first embodiment, pixels as the correc-
tion target of the image which is illustrated in FIG. 9A are the
same as those which are illustrated in FIG. 16B. When 0b is
225°, pixels as the correction target of the image which is
illustrated in FIG. 9A are the same as those which are illus-
trated in FIG. 16C.

In the above described third embodiment, the video pro-
cessing circuit 30 sets the light pixels as the correction target,
and performs a correction so that the grayscale level of the
light pixel is corrected to be low in a part of one frame period,
and the grayscale level of the light pixel is corrected to be high
in other periods of the one frame period. According to the
video processing circuit 30, since the risk boundary is pre-
vented from being continuously present at the same position
in one frame period, and the change in the integral transmit-
tance is limited regardless of the original grayscale, it is
possible to suppress the occurrence of a defective display
which is caused by the change in transmittance of the liquid
crystal element.

Fourth Embodiment

Subsequently, a fourth embodiment of the present inven-
tion will be described. According to the above described third
embodiment, the video processing circuit 30 corrects the
video signals of only the light pixels which come into contact
with the risk boundary, however, video signals of two or more
light pixels which are continuous in the direction opposite to
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the risk boundary from the light pixel which comes into
contact with the risk boundary are corrected in the fourth
embodiment.

In this manner, changed determination contents in a deter-
mination unit 3042, and changed pixels as correction targets
in a correction unit 306 are differences of a video processing
circuit 30 according to the embodiment from those in the
configuration of the third embodiment.

The determination unit 3042 determines whether or not
pixels which are denoted in the video signal Vid-d are light
pixels which come into contact with the risk boundary, and
are detected in the risk boundary detection unit 3041. In
addition, the determination unit 3042 outputs a flag Q of an
output signal as “Q1” in the first and third fields of one frame
with respect to s light pixels (s=2 in the embodiment) which
are continuous in the direction opposite to the risk boundary
from the light pixels when the determination result is “Yes”,
and outputs the flag Q of the output signal as “Q2” in the
second and fourth fields of the one frame. The determination
unit 3042 outputs the flag Q of the output signal as “Q3” in
cases other than those.

When the grayscale level of the video signal Vid-d is the
second threshold level or more, and if the flag Q which is
supplied from the determination unit 3042 is “Q1”, the cor-
rection unit 306 corrects the video signal Vid-d of the light
pixel to be the video signal with the correction grayscale c2,
and outputs the video signal as the video signal Vid-out. When
the grayscale level of the video signal Vid-d is the second
threshold level or more, and if the flag Q which is supplied
from the determination unit 3042 is “Q2”, the correction unit
306 corrects the video signal Vid-d of the light pixel to be the
video signal with the maximum grayscale wt, and outputs the
video signal as the video signal Vid-out. When the flag Q is
“Q3”, the correction unit 306 outputs the video signal Vid-d
as the video signal Vid-out as is, without correcting the video
signal.

A specific example of correction processing by the video
processing circuit 30 will be described.

According to the embodiment, when the video signal Vid-
in which is illustrated in FIG. 17A is supplied, the video
signal is corrected to be the video signal Vid-out which is
illustrated in FIG. 17B. According to the embodiment, as
illustrated in FIG. 17B, two light pixels which are continuous
in the direction opposite to the risk boundary from the light
pixel which comes into contact with the risk boundary are
corrected to be the video signal of correction grayscale ¢2 in
the first and third fields, and two light pixels which are con-
tinuous in the direction opposite to the risk boundary from the
light pixel which comes into contact with the risk boundary
are corrected to be the video signal with the maximum gray-
scale wt in the second and fourth fields.

Here, the image which is denoted by the video signal Vid-in
is the same as that illustrated in FIG. 9A, and when the risk
boundary is detected as illustrated in FIG. 9B, the correction
unit 306 sets the light pixels which are denoted by hatching of
slanted lines in FIG. 18A to pixels as the correction target.

In addition, when 6b is 90° according to the same way of
thinking as that in the above described first embodiment,
pixels as the correction target of the image which is illustrated
in FIG. 9A are the same as those which are illustrated in FIG.
18B. When 0b is 225°, pixels as the correction target of the
image which is illustrated in FIG. 9B are the same as those
which are illustrated in FIG. 18C.

According to the embodiment, it is possible to make the
change in the application voltage due to the correction of the
video signal of a plurality of pixels which come into contact
with the risk boundary not noticeable. In addition, according
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to the configuration of the embodiment, it is possible to obtain
the same effect as that in the third embodiment, in addition to
that which is described above.

Fifth Embodiment

Subsequently, a fifth embodiment of the present invention
will be described.

In the following descriptions, the same configurations as
those in the first embodiment are given the same reference
numerals, and descriptions thereof will be suitably omitted.
According to the embodiment, both the correction of the dark
pixel which is described in the first embodiment and the
correction of the light pixel which is described in the third
embodiment are performed. According to the embodiment, a
relationship of ¢2>c1 is satisfied, however, it may be c2=cl,
or c2<cl.

Changed determination contents in a determination unit
3042, and changed pixels as correction targets in a correction
unit 306 are differences of a video processing circuit 30
according to the embodiment from the video processing cir-
cuit 30 in the third embodiment.

The determination unit 3042 performs both determinations
which are described in the above described first and third
embodiments. That is, the determination unit 3042 outputs a
flag Q of an output signal as “Q1” in the first and third fields
in one frame with respect to dark pixels which come into
contact with the risk boundary which is detected in the risk
boundary detection unit 3041, and outputs the flag Q of the
output signal as “Q2” in the second and fourth fields in the one
frame. In addition, the determination unit 3042 outputs the
flag Q of the output signal as “Q1” in the first and third fields
in one frame with respect to light pixels which come into
contact with the risk boundary which is detected in the risk
boundary detection unit 3041, and outputs the flag Q of the
output signal as “Q2” in the second and fourth fields in the one
frame. The determination unit 3042 outputs the flag Q of the
output signal as “Q3” in cases other than those.

When the video signal of the light pixel is supplied, and the
grayscale level becomes the first threshold level or less, and if
the flag Q which is supplied from the determination unit 3042
is “Q1”, the correction unit 306 corrects the video signal to be
the video signal with the correction grayscale cl, and if the
flag Q is “Q2”, the video signal is corrected to be the video
signal with the minimum grayscale bk. When the video signal
of'the light pixel is supplied, and the grayscale level becomes
the second threshold level or more, and if the flag Q which is
supplied from the determination unit 3042 is “Q1”, the cor-
rection unit 306 corrects the video signal to be the video
signal with the maximum grayscale wt, and if the flag Q is
“QQ2”, the video signal is corrected to be the video signal with
the correction grayscale c¢2. On the other hand, when the flag
Qs “Q3”, the video signal Vid-d is output as the video signal
Vid-out as is without correcting the video signal.

In addition, according to the embodiment, the light pixel is
corrected to be the maximum grayscale wt in the first and
third fields, is corrected to be the correction grayscale c2 in
the second and fourth fields, and becomes opposite to the
correction processing which is described in the third embodi-
ment. This is for preventing the transverse electric field from
becoming temporarily strong when the light pixel with the
grayscale wt, and the light pixel with the grayscale bk are
adjacent to each other. However, itis not a problem even when
the dark pixel with the grayscale wt, and the dark pixel with
the grayscale bk are adjacent to each other as long as the risk
boundaries are not present at the same position in the whole
one frame.

A specific example of the correction processing by the
video processing circuit 30 will be described.
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According to the embodiment, when a video signal Vid-in
which defines the image which is illustrated in FIG. 19A is
supplied, the video signal is corrected to be the video signal
Vid-out which is illustrated in FIG. 19B.

Here, the image which is defined by the video signal Vid-in
is the same as that which is illustrated in FIG. 9A, and when
the risk boundary is detected as illustrated in FIG. 9B, the
correction unit 306 sets the dark pixel and the light pixel
which are denoted by hatching of lattice in FIG. 20A to the
pixels as the correction targets.

In addition, when 6b is 90° according to the same way of
thinking as that in the above described first embodiment,
pixels as the correction target of the image which is illustrated
in FIG. 9A are the same as those which are illustrated in FIG.
20B. When 0b is 225°, pixels as the correction target of the
image which is illustrated in FIG. 9B are the same as those
which are illustrated in FIG. 20C.

According to the embodiment, it is possible to obtain the
same effect as those in the first and third embodiments, and to
obtain an effect of further reducing the reverse tilt domain
compared to a case in which any one of the dark pixel and the
light pixel is set to the correction target.

Sixth Embodiment

Subsequently, a sixth embodiment of the present invention
will be described.

According to the embodiment, a video processing circuit
30 sets r dark pixels (r=2 in the embodiment) which are
continuous in the direction opposite to the risk boundary from
the dark pixel which comes into contact with the risk bound-
ary to the pixels as the correction target, as in the above
described second embodiment, and sets s light pixels (s=2 in
the embodiment) which are continuous in the direction oppo-
site to the risk boundary from the light pixel which comes into
contact with the risk boundary to the pixels as the correction
target, as in the above described fourth embodiment. In the
configuration of the fifth embodiment, the video processing
circuit 30 according to the embodiment may perform a cor-
rection of the dark pixel as in the above described second
embodiment, and may perform a correction of the light pixel
as in the above described fourth embodiment. Accordingly, a
detailed configuration and descriptions of operation of the
video processing circuit 30 will be omitted in the embodi-
ment.

A specific example of the correction processing by the
video processing circuit 30 will be described.

According to the embodiment, when a video signal Vid-in
which defines the image which is illustrated in FIG. 21A is
supplied, the video signal is corrected to be the video signal
Vid-out which is illustrated in FIG. 21B.

Here, the image which is denoted by the video signal Vid-in
is the same as that which is illustrated in FIG. 9A, and when
the risk boundary is detected as illustrated in FIG. 9B, the
correction unit 306 sets the dark pixel and the light pixel
which are denoted by hatching of lattice in FIG. 22A to the
pixels as the correction targets.

In addition, when 6b is 90° according to the same way of
thinking as that in the above described first embodiment,
pixels as the correction target of the image which is illustrated
in FIG. 9A are the same as those which are illustrated in FIG.
22B. When 0b is 225°, pixels as the correction target of the
image which is illustrated in FIG. 9B are the same as those
which are illustrated in FIG. 22C.

According to the embodiment, it is possible to obtain the
same effect as those in the second and fourth embodiments,
and to obtain an effect of further reducing the reverse tilt
domain compared to a case in which any one of the dark pixel
and the light pixel is set to the correction target.
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Seventh Embodiment

Subsequently, a seventh embodiment of the present inven-
tion will be described.

When it is an image with a movement, in an image at a
current frame which is denoted by a video signal Vid-in, as
described above, there is a case in which it is necessary to
correct a video signal, and a case in which it is not necessary
to correct the video signal when considering a movement
including the previous frame which is immediately previous
to the current frame, even when pixels come into contact with
the risk boundary. The embodiment has a configuration in
which video signals of the dark pixel and the light pixel are
corrected as in the sixth embodiment, and in which pixels as
the correction target are determined in consideration of the
movement in the image from the previous frame to the current
frame. In the following descriptions, the same configurations
as those in the above described sixth embodiment are given
the same reference numerals, and descriptions thereof will be
suitably omitted.

Subsequently, a video processing circuit 30 will be
described in detail with reference to FIG. 23. As illustrated in
FIG. 23, the video processing circuit 30 includes a delay
circuit 302, a boundary detection unit 304a, a correction unit
306, and a D/A converter 308.

According to the embodiment, the boundary detection unit
304aq includes a current frame boundary detection unit 3043,
a previous frame boundary detection unit 3044, a preserving
unit 3045, and an applying boundary determination unit
3046, in addition to a risk boundary detection unit 3041, and
a determination unit 3042.

The current frame boundary detection unit 3043 analyzes
an image which is denoted by a video signal Vid-in of the
current frame, and determines whether or not there is a por-
tion at which a dark pixel in a grayscale range a, and a light
pixel in a grayscale range b are adjacent to each other. In
addition, when it is determined that there is the adjacent
portion, the current frame boundary detection unit 3043
detects a boundary which is the adjacent portion, and outputs
position information of the boundary.

The previous frame boundary detection unit 3044 analyzes
an image which is denoted by a video signal Vid-in of the
previous frame, and detects a portion at which the dark pixel
and the light pixel are adjacent to each other as a boundary.
The previous frame boundary detection unit 3044 detects the
boundary by executing processes of the same order as those in
the current frame boundary detection unit 3043 based on the
video signal Vid-in, and outputs position information of the
detected boundary.

The preserving unit 3045 preserves the position informa-
tion of the boundary which is detected by the previous frame
boundary detection unit 3044, and outputs the information by
delaying it by one frame period.

Accordingly, the boundary which is detected by the current
frame boundary detection unit 3043 is related to the current
frame, however, in contrast to this, the boundary which is
detected by the previous frame boundary detection unit 3044,
and is preserved in the preserving unit 3045 is related to the
previous frame.

The applying boundary determination unit 3046 deter-
mines a boundary at which the same portion as the boundary
of the previous frame image which is preserved in the pre-
serving unit 3045 is excluded among boundaries of the cur-
rent frame which are detected by the current frame boundary
detection unit 3043 as an applying boundary. That is, the
applying boundary is a boundary which is changed from the
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previous frame to the current frame, and in other words, a
boundary which is not present in the previous frame, and is
present in the current frame.

The determination unit 3042 determines whether or not
pixels which are denoted by the video signal Vid-d which is
output by being delayed is the dark pixel, or the light pixel
which comes into contact with the risk boundary correspond-
ing to the applying boundary which is determined by the
applying boundary determination unit 3046 as the risk bound-
ary which is detected by the risk boundary detection unit
3041, and performs the same determination as that in the
above described sixth embodiment hereinafter. The correc-
tion unit 306 performs the same correction processing as that
in the above described sixth embodiment.

A specific example of the correction processing by the
video processing circuit 30 will be described.

The only difference in the video processing circuit 30
according to the embodiment from that in the six embodiment
is that the pixels as the correction target are determined based
on the risk boundary corresponding to the applying boundary,
and may be the same as that in the sixth embodiment when
determining how to correct the video signal of pixels based on
the risk boundary.

Here, a case in which the image which is denoted by the
video signal Vid-in in the previous frame is the same as that
which is illustrated in FIG. 24A, for example, and when the
image which is denoted by the video signal Vid-in in the
current frame is the same as that which is illustrated in FIG.
24B, that is, a case in which a pattern which is formed by dark
pixels in the grayscale range a makes a scroll movement to the
left direction having the light pixel in the grayscale range b as
a background is considered. In this case, the boundary which
is detected by the previous frame boundary detection unit
3044 is the same as that which is illustrated in FIG. 24A, and
the boundary which is detected by the current frame boundary
detection unit 3043 is the same as that which is illustrated in
FIG. 24B. In addition, a boundary which is overlapped with
the boundary detected by the previous frame boundary detec-
tion unit 3044 among the boundaries which are detected by
the current frame boundary detection unit 3043 is the apply-
ing boundary (refer to FIG. 24C). Accordingly, the risk
boundary corresponding to the applying boundary is the same
as that which is illustrated in FIG. 25A (when 6b is 45°). It is
possible to further reduce the pixels as the correction target
than the above described first embodiment in the correction
unit 306, since the pixel as the correction target are deter-
mined by the risk boundary corresponding to the applying
boundary. According to the embodiment, when two dark pix-
els and two light pixels are set as the correction target, respec-
tively, as in the above described sixth embodiment, the video
signal after the correction processing is the same as that which
is illustrated in FIG. 25B.

In addition, when 6b is 90° according to the same way of
thinking as that in the above described first embodiment, or
when 0b is 225°, similarly, it is also possible to determine
pixels as the correction target by the risk boundary corre-
sponding to the applying boundary.

According to the above described seventh embodiment, it
is possible to obtain a common operational effect to the above
described sixth embodiment, and to correct the video signal
by concentrating on a portion at which the reverse tilt domain
easily occurs. In this manner, it is possible to effectively
suppress the occurrence of reverse tilt domain while further
preventing the video signal from being changed.

In addition, the configuration in the embodiment in which
the pixels as the correction target are determined by the move-
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ment of the image can also be adopted when performing the
correction processing in the above described first to fifth
embodiments.

Eighth Embodiment

Subsequently, an eighth embodiment of the present inven-
tion will be described.

In descriptions below, the same configurations as those in
the seventh embodiment are given the same reference numer-
als, and descriptions thereof will be suitably omitted.

In the above described seventh embodiment, the video
signal of the pixel has been corrected based on the light pixel
and the dark pixel which are adjacent to each other by inter-
posing the risk boundary therebetween in consideration of the
movement of the image. In contrast to this, according to the
embodiment, a video processing circuit 30 detects boundaries
at which a dark pixel and a light pixel are adjacent to each
other in the current frame, and sets pixels which come into
contact with a risk boundary which has moved by one pixel
(any one direction of vertical, horizontal, and oblique direc-
tions) from the previous frame to the current frame among the
detected boundaries as the correction target. As described in
advance using FIG. 28, when a region of dark pixels having
the light pixels as a background moves by two or more pixels
in each frame, such tailing is not prominent (or, is not easily
perceived). Therefore, the video processing circuit 30 sets
such pixels which are moved by one pixel, and are adjacent to
the risk boundary to the pixels as the correction target, and
does not set pixels other than those to the pixels as the cor-
rection target.

According to the embodiment, the applying boundary
determination unit 3046 determines only the boundary which
has moved by one pixel as the applying boundary from a
boundary detection result using the current frame boundary
detection unit 3043, and the previous frame boundary detec-
tion unit 3044, and does not determine the boundary which
has not moved from the previous frame, and the risk boundary
which has moved by two or more pixels as the applying
boundary. In addition, similarly to the above described sev-
enth embodiment, the determination unit 3042 determines
whether or not pixels which are denoted by the video signal
Vid-d which is output by being delayed is the dark pixel, or
the light pixel which comes into contact with the risk bound-
ary corresponding to the applying boundary which is deter-
mined by the applying boundary determination unit 3046 as
the risk boundary which is detected by the risk boundary
detection unit 3041, and performs the same determination as
that in the above described seventh embodiment hereinafter.
The correction unit 306 performs the same correction pro-
cessing as that in the above described seventh embodiment. In
this manner, the correction unit 306 is able to correct the video
signal by further concentrating on the portions at which the
reverse tilt domain easily occurs.

FIG. 26 is a diagram which illustrates correction process-
ing according to the embodiment.

As illustrated in FIG. 26, when the image in the previous
frame meets the image in the current frame, the boundary is
changed from the previous frame to current frame as illus-
trated in the figure. In this manner, when the boundary is
changed, only dark pixels which satisfy a condition of move-
ment of 1 pixel/l frame, and come into contact with the
boundary are set to the correction target, and when the bound-
ary is moved by two pixels, for example, even the dark pixels
which come into contact with are not set to the correction
target. In this manner, the correction unit 306 is able to per-
form the correction by further concentrating on the portions at
which the reverse tilt domain easily occurs.
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In addition, the configuration in the embodiment in which
the pixels as the correction target are determined by the move-
ment of the boundary of one pixel can also be adopted when
performing the correction processing in the above described
first to fifth embodiments.

MODIFICATION EXAMPLES
Modification Example 1

In the video processing circuit 30 in each embodiment
which is described above, the same correction has been made
in the first and third fields, and the same correction has been
made in the second and fourth fields, among four fields con-
figuring one frame, however, it is also possible to perform the
correction so that the correction which has been performed in
the first and third fields is performed in the second and fourth
fields, and the correction which has been performed in the
second and forth fields is performed in the first and third
fields. In addition, in the video processing circuit 30, a com-
bination of fields in which the same correction is performed is
not limited to the combination. In addition, in the video pro-
cessing circuit 30, the method of correction processing may
bedifferent in each frame. In addition, in the video processing
circuit 30, the number of fields in which the same correction
is performed in one frame period may not be the same num-
bers, respectively, and it is preferable that the correction of
increasing and decreasing the grayscale level of the video
signal (application voltage) be performed at least in one frame
period. When considering this, the field in which the video
signal is not corrected by the video processing circuit 30 may
be included in a part of one frame period.

Modification Example 2

In the above described each embodiment, the dark pixel
and the light pixel which come into contact with the risk
boundary are set to pixels as the correction target in the video
processing circuit 30, however, the pixels as the correction
target in which the risk boundary is not detected may be
determined as the correction target. Specifically, the video
processing circuit 30 may set all of light pixels which come
into contact with the boundary between the dark pixel and the
light pixel as the correction target, or may set all of the light
pixels which come into contact with the boundary between
the light pixel and dark pixel as the correction target. In
addition, the video processing circuit 30 may set all of dark
pixels which come into contact with the boundary which is
changed from the previous frame to the current frame as the
correction target, and may set all of light pixels which come
into contact with the boundary which is changed from the
previous frame to the current frame as the correction target.
Further, the video processing circuit 30 may set the dark pixel,
or the light pixel which comes into contact with a boundary
which is moved by one pixel from the previous frame to the
current frame as the correction target. In addition, the video
processing circuit 30 may adopt such a configuration in which
the risk boundary is not detected even in a case in which pixels
other than pixels which come into contact with the boundary
are set as the correction target as in the above described
second, fourth, and sixth embodiments.

Modification Example 3

In the above described each embodiment, the example in
which the VA method is used in the liquid crystal 105 has been
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described, however, it may be a TN method. The reason is the
same as that which is disclosed in JP-A-2011-107174.

Modification Example 4

When the correction unit 306 performs the correction of
the video signal, the video signal may be corrected to a video
signal with a grayscale level corresponding to the brightness
of'the image in the display area 101. For example, the correc-
tion unit 306 obtains information as an index of the brightness
of'the display area 101, and the higher the level of the bright-
ness which is determined by the obtained information (that is,
bright), the higher the grayscale level of the corrected video
signal. The reason for doing this is because the brighter the
display area 101, the harder the change in grayscale level due
to a correction attracting attention, and the defective display is
not easily perceived by a user even when the grayscale level
after correction is set to be high in order to give priority to
reducing of the reverse tilt domain. The information as the
index of the brightness of the display area 101 is the bright-
ness (for example, illuminance) of a circumstance of video
display in the periphery of the display area 101. In this case,
the correction unit 306 may determine the grayscale level
after correction by obtaining a detection result of an optical
sensor which is provided in the liquid crystal display device 1.
In addition to this, the correction unit 306 may obtain a
grayscale level of an input video signal as the information as
the index of the brightness (for example, mean value of gray-
scale level of input video signal of one frame). This is because
the display area 101 becomes also bright, when an image of a
video signal with high grayscale level is displayed. In addi-
tion, the correction unit 306 may obtain mode information
which designates any of a plurality of video display modes
which define the brightness of the image which is displayed in
the display area 101, or a contrast ratio. The correction unit
306 uses luminance which is determined in the video display
mode, and a correction amount corresponding to the contrast
ratio. In this case, the correction unit 306 may correct the
video signal to be the video signal with the grayscale level
corresponding to the display mode in which the grayscale
levelis setto be high in order of, a so-called, dynamic mode>a
normal mode>a power saving mode.

In addition, the correction unit 306 may obtain a detection
result of a temperature sensor which detect an ambient tem-
perature, or a temperature in the device of the liquid crystal
display device 1, and determine the grayscale level of the
video signal after the correction according to the temperature
which is denoted by the detection result. In general, since the
higher the temperature, the higher the transmittance of the
liquid crystal element, it is preferable for the correction unit
306 to perform a correction in which the video signal is
corrected to be the video signal with the grayscale level cor-
responding to the temperature so as to make a dependency of
the transmittance in temperature small.

In addition, when determining the video signal after the
correction (application voltage of liquid crystal element 120)
the correction unit 306 may have a configuration in which a
look-up table is referenced, in addition to a configuration in
which a calculation is made using an arithmetic expression.

Modification Example 5

In the above described second, fourth, and sixth embodi-
ments, ris set to two, and s is set to two, however, these values
are merely examples. Accordingly, ther and s may be integers
of“2” or more, respectively, and these values may be different
from each other.
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In addition, the video processing circuit according to the
embodiment of the invention is not limited to the quad-speed
driving, and can be applied to a liquid crystal display device
in which, for example, X-speed driving such as double-speed
driving, or octa-speed driving is adopted.

Modification Example 6

In each of the embodiments which are described above, the
video signal Vid-in is set to a signal which designate the
grayscale level of pixels, however, the video signal may
directly designate the application voltage of the liquid crystal
element. When the video signal Vid-in designates the appli-
cation voltage of the liquid crystal element, a configuration is
possible in which a boundary is determined using a desig-
nated application voltage, and a voltage is corrected.

In addition, in each embodiment, the liquid crystal element
120 may be a reflection type not being limited to the trans-
mission type.

Modification Example 7

Subsequently, as an example of an electronic apparatus in
which the liquid crystal display device according to the above
described embodiments is used, a projection type display
device (projector) in which the liquid crystal panel 100 is used
as a light bulb will be described. FIG. 27 is a plan view which
illustrates a configuration of the projector.

As illustrated in the figure, a lamp unit 2102 which is
formed by a white light source such as a halogen lamp is
provided in a projector 2100. Transmitted light which is emit-
ted from the lamp unit 2102 is separated into three primary
colors of R (red), G (green), and B (blue) by three mirrors
2106, and two dichroic mirrors 2108 which are arranged
inside thereof, and are respectively guided to light bulbs of
100R, 100G, and 100B which correspond to each primary
color. In addition, light of a B color has a long optical path
compared to the R color and G color, the B color is guided
through a relay lens system 2121 which is configured by an
input lens 2122, arelay lens 2123, and an output lens 2124 so
as to prevent a loss thereof.

In the projector 2100, three sets of the liquid crystal display
device including the liquid crystal panel 100 are provided
corresponding to each of the R color, G color, and B color. A
configuration of the light bulbs 100R, 100G, and 100B is the
same as that in the above described liquid crystal panel 100. In
the configuration, a video signal for designating a grayscale
level of a component of each primary color of R, G, and B is
supplied from an external higher circuit, respectively, and the
light bulbs 100R, 100G, and 100B are respectively driven.

Light beams which are respectively modulated by the light
bulbs 100R, 100G, and 100B are input from three directions
to a dichroic prism 2112. In addition, in the dichroic prism
2112, the light beams of R color and B color are refracted by
90°, however, on the other hand, the light of G color goes
straight. Accordingly, a color image is projected on a screen
2120 by a projection lens 2114 after images of each primary
color are composed.

In addition, since the light corresponding to each of the R
color, G color, and B color is input to the light bulbs 100R,
100G, and 100B by a dichroic mirror 2108, it is not necessary
to provide a color filter. In addition, since an image which
transmits the light bulb 100G is projected as is, in contrast to
images which transmit the light bulbs 100R and 100B which
are projected after being reflected by the dichroic prism 2112,
a configuration is made in which the horizontal scanning
direction by the light bulbs 100R and 1008 is set to be oppo-
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site to the horizontal scanning direction by the light bulbs
100G, and an image in which the right and left are reversed is
displayed.

As the electronic apparatus, there are a television, a video
tape recorder of a type of a view finder, or a direct-view
monitor, a car navigation, a pager, an electronic organizer, a
calculator, a word processor, a work station, a TV phone, a
POS terminal, a digital still camera, a mobile phone, equip-
ment with a touch panel, and the like in addition to the
projector described with reference to FIG. 27. Inaddition, it is
needless to say that the above described liquid crystal display
device can be applied to these various electronic apparatuses.

This application claims priority to Japan Patent Applica-
tion No. 2012-016389 filed Jan. 30, 2012, the entire disclo-
sures of which are hereby incorporated by reference in their
entireties.

What is claimed is:

1. A driving unit which drives a liquid crystal device having
a plurality of pixels, the driving unit comprising:

a control circuit that:

receives a first video signal that designates a first gray-
scale;

receives a second video signal that designates a second
grayscale;

receives a third video signal that designates the second
grayscale;

generates a first voltage corresponding to the first gray-
scale based on the first video signal corresponding to
a first pixel among the plurality of pixels;

generates a second voltage corresponding to the second
grayscale based on the second video signal corre-
sponding to a second pixel among the plurality of
pixels;

generates a third voltage and a fourth voltage based on
the third video signal corresponding to a third pixel,
the third pixel being disposed between the first pixel
and the second pixel; and

a driving circuit that:

supplies the first voltage to the first pixel, supplies the
second voltage to the second pixel, and supplies the
third voltage to the third pixel in a first period; and

supplies the first voltage to the first pixel, supplies the
second voltage to the second pixel, and supplies the
fourth voltage to the third pixel in a second period,

wherein

one of the third voltage and the fourth voltage is higher
than the second voltage, and the other of the third
voltage and the fourth voltage is lower than the second
voltage, and

one of the third voltage and the fourth voltage corre-
sponds to a grayscale having a white level or a black
level.

2. The driving unit of the liquid crystal device according to
claim 1,

wherein the control circuit corrects the third video signal to

be a fourth video signal designating a third grayscale,
and a fifth video signal designating a fourth grayscale,
and

wherein the control circuit generates the third voltage cor-

responding to the third grayscale which is designated by
the fourth video signal, and the fourth voltage corre-
sponding to the fourth grayscale which is designated by
the fifth video signal.

3. The driving unit of the liquid crystal device according to
claim 1,

wherein the third pixel displays the second grayscale in the

first period and the second period by displaying a third
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grayscale in the first period, and displaying a fourth
grayscale in the second period.
4. The driving unit of the liquid crystal device according to
claim 1,
wherein one of the third and fourth voltages is a maximum
voltage which is used when expressing a grayscale.
5. The driving unit of the liquid crystal device according to
claim 1,
wherein one of the third and fourth voltages is a minimum
voltage which is used when expressing a grayscale.
6. The driving unit of the liquid crystal device according to
claim 1, further comprising:
a boundary detection unit,
wherein the boundary detection unit detects a risk bound-
ary which is a part of a boundary between the first pixel
and the second pixel, and is determined by tilt azimuth of
a liquid crystal,
wherein a video processing unit supplies the third voltage
to the third pixel in the first period, and supplies the
fourth voltage to the third pixel in the second period
when the third pixel comes into contact with the risk
boundary.
7. The driving unit of the liquid crystal device according to
claim 1, further comprising:
a boundary detection unit,
wherein the boundary detection unit detects a boundary
which is changed from a frame which is immediately
previous to a current frame, to the current frame,
between boundaries of the first pixel and the second
pixel,
wherein a video processing unit supplies the third voltage
to the third pixel in the first period, and supplies the
fourth voltage to the third pixel in the second period
when the third pixel comes into contact with the changed
boundary.
8. The driving unit of the liquid crystal device according to
claim 7,
wherein the boundary detection unit detects a boundary
which is moved by one pixel from the frame which is
immediately previous to the current frame, to the current
frame, between the boundaries of the first pixel and the
second pixel.
9. The driving unit according to claim 1,
wherein the driving unit is included in the liquid crystal
device.
10. The driving unit according to claim 9,
wherein the liquid crystal device is included in an elec-
tronic apparatus.
11. A driving unit which drives a liquid crystal device
having a plurality of pixels, the driving unit comprising:
a control circuit that:
receives a first video signal that designates a first gray-
scale;
receives a second video signal that designates a second
grayscale;
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generates a third voltage and a fourth voltage based on
the first video signal corresponding to a first pixel
among the plurality of pixels;
generates a fifth voltage and a sixth voltage based on the
second video signal corresponding to a second pixel
which is adjacent to the first pixel; and
a driving circuit that:
supplies the third voltage to the first pixel and supplies
the fifth voltage to the second pixel in a first period;
supplies the fourth voltage to the first pixel and supplies
the sixth voltage to the second pixel in a second
period;
wherein
one of the third and fourth voltages is higher than the first
voltage, and the other of the third and fourth voltages
is lower than the first voltage,
one of the fifth and sixth voltages is higher than the
second voltage, and the other of the fifth and sixth
voltages is lower than the second voltage,
one of the third and fourth voltages corresponds to a
grayscale having one of a white level or a black level,
and
one of the fifth and sixth voltages corresponds to a gray-
scale having the other of a white level or a black level.
12. A driving method which drives a liquid crystal device

55 including a plurality of pixels comprising:
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receiving a first video signal that designates a first gray-
scale;
receiving a second video signal that designates a second
grayscale;
receiving a third video signal that designates the second
grayscale;
generating a first voltage corresponding to the first gray-
scale based on the first video signal corresponding to a
first pixel among the plurality of pixels;
generating a second voltage corresponding to the second
grayscale based on the second video signal correspond-
ing to a second pixel among the plurality of pixels;
generating a third voltage and a fourth voltage based on the
third video signal corresponding to a third pixel, the
third pixel being disposed between the first pixel and the
second pixel;
supplying the first voltage to the first pixel, supplying the
second voltage to the second pixel, and supplying the
third voltage to the third pixel in a first period;
supplying the first voltage to the first pixel, supplying the
second voltage to the second pixel, and supplying the
fourth voltage to the third pixel in a second period,
wherein
one of the third voltage and the fourth voltage is higher
than the second voltage, and the other of the third
voltage and the fourth voltage is lower than the second
voltage, and
one of the third voltage and the fourth voltage corre-
sponds to a grayscale having a white level or a black
level.



